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(57)Abstract: 

PURPOSE: To provide an ultrasonic probe which enables the radiating of an 
ultrasonic pulse with a proper pulse width and amplitude easily by setting 
combination of an acoustic impedance of a damper layer and a thickness and an 
acoustic impedance of an acoustically matching layer properly. 



CONSTITUTION: In an ultrasonic probe 1 which has an acoustically matching 
layer 4 on the side of an acoustic medium of a piezo-electric element 2 and a 
damper layer 3 on the opposite side thereof, an acoustic impedance ZM of the 
acoustically matching layer 4 is expressed by {ZOx(ZT2}1/3x0.8<ZM<{ZOx- 
(ZT)2}1/3><1.2 (wherein ZO represents acoustic impedance of the piezo-electric 
element 2 and ZT acoustic impedance of the acoustic medium). Relationship 
among the impedance ZD of the damper layer 3, the thickness L of the 
acoustically matching layer 4 and a wavelength of an ultrasonic wave is (-2x10- 
9ZD+0. 1 4)<L/A<(-2x-1 0-9ZD+0.21 ). 
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CLAIMS 
[Claim(s)] 

[Claim 1] It sets to the ultrasound probe equipped with a damper layer for an 
acoustic matching layer in the opposite side at the sound medium side of a 
piezoelectric device, and is the acoustic impedance of said acoustic matching 
layer. ZM [Equation 1] 

It is referred to as {ZO x(ZT)2}1/3 x0.8 <= ZM <={ZO x(ZT)2}1/3 x1.2 (however, 
ZO the acoustic impedance of a piezoelectric device and ZT acoustic impedance 
of a sound medium), and is the acoustic impedance of said damper layer. It is 
[Equation 2] about the relation of the wavelength lambda of the supersonic wave 
in ZD and said sound adjustment layer thickness L and this acoustic matching 
layer. 

(-2x10-9 ZD+0.14) <=L/lambda<= (-2x10-9 ZD+0.21) 
The ultrasound probe characterized by carrying out. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the ultrasound probe used for a 

pulse echo method. 

[0002] 

[Description of the Prior Art] The pulse echo method which discharges an 
ultrasonic pulse from an ultrasound probe, receives the reflective pulse from a 
sound medium, and converts the information in a sound medium into a video 
signal is widely used in the field of ultrasonic diagnosis. In this pulse echo 
method, in order to obtain a clear image with high distance resolution, it is 
necessary to shorten pulse width of the supersonic wave to discharge. Moreover, 
in order to obtain the image with the high degrees of ** which can be diagnosed 
to the lesion of a deep part, it is required for the amplitude of the supersonic 
wave to discharge to be large and for receiving sensibility to be high. 
[0003] In the conventional ultrasound probe used for a pulse echo method, in 
order to improve matching of an acoustic impedance with a sound medium and 
to make an ultrasonic pulse emit efficiently in a sound medium, generally the 
acoustic matching layer with the thickness of quarter-wave length is used. 
[0004] 

[Problem(s) to be Solved by the Invention] However, only by making sound 
adjustment layer thickness into quarter-wave length, pulse width is short, and the 
probe with the large amplitude of the supersonic wave to discharge also needs to 
take into consideration the acoustic impedance of the damper layer of the tooth 



back of a piezoelectric device, and the acoustic impedance of an acoustic 
matching layer, in order to be unable to realize (refer to JP, 1-17320, B and JP,58- 
165830,A) but to realize this. 

[0005] that is, in order to attenuate vibration of a piezoelectric device promptly 
and to shorten ultrasonic pulse width as a damper layer, what was formed with 
the large ingredient of attenuation of a supersonic wave is known -- **** (for 
example, refer to JP,61-219858,A) -- if the acoustic impedance of a damper layer 
is enlarged, while it can shorten ultrasonic pulse width emitted, the problem that 
where of the amplitude of a supersonic wave becomes small and sensibility 
becomes low will produce it. 

[0006] Moreover, although how to choose versatility is proposed about the value 
of the acoustic impedance (ZM) of an acoustic matching layer In being the much 
more Desilete et al. () [ Desilete, ] [ C.S.et ] al.: The design of efficient 
piezoelectric transducers, IEEE Trans. Sonics Ultras., and SU-25(3).1 15 1978 
Depend. ZM = {ZO x(ZT) 2} One third If a value (however, ZO the acoustic 
impedance of a piezoelectric device and ZT acoustic impedance of a sound 
medium) is adopted, it will become possible to acquire a pulse with short pulse 
width. 

[0007] While choosing the acoustic impedance of a damper layer according to 
the purpose of use so that the pulse width of an ultrasonic pulse and the 
amplitude may be balanced in order to obtain a good ultrasound probe from the 
above thing, it is necessary also about an acoustic matching layer to choose a 
suitable acoustic impedance. 

[0008] This invention was made in view of the point mentioned above, and aims 
at offering the ultrasound probe constituted so that the ultrasonic pulse of 
suitable pulse width and the amplitude could be emitted easily by setting up 
appropriately combination with the acoustic impedance of a damper layer, sound 
adjustment layer thickness, and an acoustic impedance. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 



in this invention, it sets to the ultrasound probe equipped with a damper layer for 
an acoustic matching layer in the opposite side at the sound medium side of a 
piezoelectric device, and it is the acoustic impedance of said acoustic matching 
layer. ZM [Equation 3] 

It is referred to as {ZO x(ZT)2}1/3 x0.8 <= ZM <={ZO x(ZT)2}1/3 x1.2 (however, 
ZO the acoustic impedance of a piezoelectric device and ZT acoustic impedance 
of a sound medium), and is the acoustic impedance of said damper layer. It is 
[Equation 4] about the relation of the wavelength lambda of the supersonic wave 
in ZD and said sound adjustment layer thickness L and this acoustic matching 
layer. 

(-2x10-9 ZD+0.14) <=L/lambda<= (-2x10-9 ZD+0.21) 

It carries out. 

[0010] 

[Function] The piezoelectric device which generates a supersonic wave is made 
into electrostrictive ceramics (acoustic-impedance ZO =33x106 kg/m2s). The 
transfer medium to which a supersonic wave is emitted is used as water 
(acoustic-impedance ZT =1.5 x106 kg/m2s). The formula by Desilete and others, 
and ZM ={ZO x(ZT)2} 1/3 Acoustic impedance of an acoustic matching layer ZM 
If it asks, ZM **4.2 x106 kg/m2s will come. At this time, various acoustic 
impedances of the damper layer to add are changed, and when it asks for the 
relation between the ratio to the wavelength lambda of adjustment layer 
thickness, and the pulse width (-6dB) of the supersonic wave emitted by 
computer simulation, it comes to be shown in drawing 1 . in addition, drawing 1 -- 
setting -- the acoustic impedance of a damper layer -- 15x106 kg/m2s and Nl 
show 20x1 06 kg/m2s, and HO shows [1/5x1 06 kg/m2s and RO / 1 0x1 06 
kg/m2s and Ha ] 30x106 kg/m2s. 

[0011] According to drawing 1 , even if the acoustic impedance of a damper layer 
is the same, it turns out that there is acoustic-matching-layer thickness to which 
pulse width becomes the shortest in each acoustic impedance by sound 
adjustment layer thickness while it turns out that the pulse width of a supersonic 



wave changes. 

[0012] Moreover, if it asks for the relation between the ratio to the wavelength 
lambda of adjustment layer thickness, and maximum amplitude on the same 
conditions as drawing 1 , it will become like drawing 2 . Here, it becomes an 
ultrasound probe with high sensibility, so that the amplitude of an axis of ordinate 
is large. 

[0013] Although pulse width will become short if the acoustic impedance of a 
damper layer is large as mentioned above from drawing 1 and drawing 2 , it turns 
out that sensibility becomes low at coincidence. Therefore, it is necessary to 
choose the acoustic impedance of a damper layer according to the purpose of 
using the ultrasound probe. 

[0014] Drawing 3 expresses the relation between the acoustic impedance of a 
damper layer, and the sound adjustment thickness (ratio to wavelength lambda) 
from which pulse width serves as min based on drawing 1 . Acoustic impedance 
of the damper layer which makes pulse width min from drawing 3 R> 3 ZD The 
relation with acoustic-matching-layer thickness L is [Equation 5]. (-2x10-9 
ZD+0.176) It turns out that it can approximate by ** L/lambda. In addition, in the 
above explanation, wavelength lambda shows the wavelength in the acoustic- 
matching-layer ingredient in the center frequency of an ultrasound probe. 
[0015] Therefore, when a manufacture error is made into 20%, it is the acoustic 
impedance of an acoustic matching layer. ZM is the acoustic impedance of a 
damper layer about the several 3 above-mentioned conditions again. By 
satisfying the several 4 above-mentioned conditions, the wavelength lambda of 
the supersonic wave in ZD and sound adjustment layer thickness L and this 
acoustic matching layer can emit an ultrasonic pulse with short pulse width, and 
becomes possible [ obtaining an ultrasound probe with the sensibility to need ]. 
[0016] 

[Example] Drawing 4 shows the 1st example of this invention. This ultrasound 
probe 1 is stuck and consists of adhesives (not shown) with which the damper 
layer 3 was applied to one field of a piezoelectric device 2, and it applied the 



acoustic matching layer 4 to the field of another side thinly, respectively. A 
piezoelectric device 2 consists of electrostrictive ceramics with a thickness of 
0.1mm, and center frequency is 20MHz and an acoustic impedance. ZO It has 
the property of 33x106 kg/m2s. The electrode which is not illustrated to those 
both sides is prepared in this piezoelectric device 2, and the coaxial cable for 
transmitting a signal and a driving pulse is connected to it. 
[0017] The damper layer 3 consists of the ingredient which mixed tungsten 
powder 95% by the weight ratio into the epoxy resin, and thickness is 0.9mm and 
an acoustic impedance. ZD 20x106 kg/m2s has come. Moreover, an acoustic 
matching layer 4 is a product made from STYCAST3050, and thickness is 22 
micrometers (L/lambda = 0.14) and an acoustic impedance. ZM 4.7x106 kg/m2s 
has come. 

[0018] An ultrasonic transfer medium is water and this ultrasound probe 1 is that 
acoustic impedance. ZT When 1.5x106 kg/m2s, it is the acoustic impedance of 
an acoustic matching layer 4. ZM From above several 3, since what is necessary 
will be just to be in 3.36x106 kg/m2s< ZM < 5.05 x106 kg/m2s, this condition will 
be satisfied. Moreover, acoustic impedance of the damper layer 3 ZD Since it is 
20 x106 kg/m2s, L/lambda will satisfy four above. Therefore, according to this 
ultrasound probe 1, although it is low sensibility comparatively, an ultrasonic 
pulse with short pulse width can be emitted. 

[0019] Drawing 5 is the point expanded sectional view of the ultrasonic probe for 
endoscopes using the ultrasound probe 1 shown in drawing 4 . In drawing 5 , an 
ultrasound probe 1 is incorporated so that an acoustic matching layer 4 may be 
exposed in housing 5. Housing 5 is connected with the rotation shaft 6, and is 
connected to ultrasonic observation equipment through the mechanical 
component which is not illustrated. The rotation shaft 6 is hollow, and the coaxial 
cable for transmitting a signal and a driving pulse to the interior is inserted in, and 
it is connected to the electrode of a piezoelectric device 2. These structures are 
contained in the flexible sheath 7 which enclosed the ultrasonic transfer medium. 
In addition, the closure of the tip of a sheath 7 was carried out by the stops 9 



which consist of the closure member 8 and shape memory ingredient of an array 
mold, and it has prevented the outflow into the coelome of an ultrasonic transfer 
medium, and the inflow of the body fluid into a sheath 7. 
[0020] In assembling the ultrasonic probe shown in drawing 5 , first, while 
mounting an ultrasound probe 1 in housing 5, the rotation shaft 6 is connected, 
next the closure member 8 and housing 5 are inserted into a sheath 7 in an 
ultrasonic transfer medium. Then, stops 9 are inserted in the closure member 8 
from the outside of a sheath 7, and the closure member 8 is fixed to a sheath 7 
using the shape memory effect. Thus, an ultrasonic transfer medium can be 
enclosed with the whole interior of a sheath 7 by assembling. 
[0021] By impressing the driving pulse from observation equipment to a 
piezoelectric device 2 in this ultrasonic probe through the coaxial cable inserted 
in in the mechanical component and the rotation shaft 6, rotating an ultrasound 
probe 1 by the rotation shaft 6 Pass an acoustic matching layer 4, an ultrasonic 
transfer medium, and a sheath 7 from this piezoelectric device 2, make an 
ultrasonic pulse emit in a coelome, and the echo in the body tissue is changed 
into an electrical signal by the piezoelectric device 2. The ultrasonic image by the 
radial scan can be obtained by transmitting to observation equipment through a 
coaxial cable and a mechanical component. Thus, the surface section of a body 
tissue is observable in a detail by using the ultrasound probe 1 which emits an 
ultrasonic pulse with short pulse width. 

[0022] Drawing 6 shows the 2nd example of this invention. This ultrasound probe 
1 1 is stuck and consists of adhesives (not shown) with which the damper layer 
1 3 was applied to one field of a piezoelectric device 1 2, and it applied the 
acoustic matching layer 14 to the field of another side thinly, respectively. A 
piezoelectric device 12 consists of electrostrictive ceramics with a thickness of 
0.2mm, and center frequency is 10MHz and an acoustic impedance. ZO It has 
the property of 33x106 kg/m2s. The electrode which is not illustrated to those 
both sides is prepared in this piezoelectric device 12, and the coaxial cable for 
transmitting a signal and a driving pulse is connected to it. 



[0023] The damper layer 13 consists of the ingredient which mixed alumina 
powder 90% by the weight ratio into the epoxy resin, and thickness is 2mm and 
an acoustic impedance. ZD 5x106 kg/m2s has come. Moreover, an acoustic 
matching layer 14 serves as an acoustic lens by the product made from 
STYCAST3050, and the thickness of a core is 55 micrometers (L/lambda = 0.18) 
and an acoustic impedance. ZM 4.7x106 kg/m2s has come. 
[0024] An ultrasonic transfer medium is water and this ultrasound probe 1 1 is the 
acoustic impedance ZT. When 1.5x106 kg/m2s, it is the acoustic impedance of 
an acoustic matching layer 14. ZM The several 3 above-mentioned conditions 
will be satisfied. Moreover, acoustic impedance of the damper layer 13 ZD It is as 
small as 5x106 kg/m2s, and L/lambda satisfies four above. Therefore, according 
to this ultrasound probe 11, since the amplitude can emit an ultrasonic pulse with 
short pulse width greatly, it can use effective in observing an organization deep 
part. 

[0025] Moreover, it can obtain the focal distance doubled with the application by 
choosing the curvature of this acoustic lens suitably while it can emit a directive 
high ultrasonic pulse and can obtain the high ultrasonic image of lateral 
resolution by this, since the acoustic matching layer 14 serves as the acoustic 
lens. 

[0026] Drawing 7 shows the 3rd example of this invention. This ultrasound probe 
21 pastes up a piezoelectric device 22 on the housing 25 made from an 
insulation, and the damper layer 23 is formed in the field of one of these, and it 
forms an acoustic matching layer 24 in the field of another side, respectively. A 
piezoelectric device 22 consists of electrostrictive ceramics with a thickness of 
0.13mm, and center frequency is 15MHzand an acoustic impedance. ZO It has 
the property of 33x106 kg/m2s. The electrode which is not illustrated to those 
both sides is prepared in this piezoelectric device 22, and the coaxial cable for 
transmitting a signal and a driving pulse is connected to it. 
[0027] The damper layer 23 consists of the ingredient which mixed titanium oxide 
powder 94% by the weight ratio into silicon resin, and thickness is 2mm and an 



acoustic impedance. ZD 15x106 kg/m2s has come. Moreover, an acoustic 
matching layer 24 serves as an acoustic lens by the product made from 
STYCAST3050, and the thickness of a core is 30 micrometers (L/lambda = 0.15) 
and an acoustic impedance. ZM 4.7x106 kg/m2s has come. 
[0028] In this example, the acoustic matching layer 24 which serves both as the 
damper layer 23 and an acoustic lens is formed by pouring in STYCAST directly, 
respectively and stiffening the silicon resin which mixed titanium oxide in one 
field side of the piezoelectric device 22 beforehand pasted up on the housing 25 
made from an insulation to the field side of another side. 

[0029] Since according to this ultrasound probe 21 the same effectiveness could 
be acquired also in the ultrasound probe 1 1 of drawing 6 and also the damper 
layer 23 and the acoustic matching layer 24 were directly formed on the 
piezoelectric device 22, without using adhesives, the performance degradation 
and variation by the thickness and nonuniformity of a glue line can be avoided, 
and the stable engine performance can be obtained. 

[0030] In addition, the ultrasound probe concerning this invention can also be 
used for not only the ultrasonic probe for endoscopes but an ultrasound 
endoscopy, or a foreign type supersonic-wave probe, and can also be used as a 
probe for ultrasonic crack inspects other than medicine. 
[0031] 

[Effect of the Invention] As mentioned above, according to this invention, since 
combination with the acoustic impedance of a damper layer, sound adjustment 
layer thickness, and an acoustic impedance was set up appropriately, the 
ultrasound probe which can emit the ultrasonic pulse of suitable pulse width and 
the amplitude can be obtained easily. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the relation between sound adjustment layer 
thickness and the pulse width of the ultrasonic pulse emitted. 
[Drawing 2] It is drawing showing the relation between sound adjustment layer 
thickness and the maximum amplitude of the ultrasonic pulse emitted similarly. 
[Drawing 3] It is drawing showing the relation between the acoustic impedance of 
a damper layer, and the sound adjustment layer thickness from which pulse 
width serves as min. 

[Drawing 4] It is the sectional view showing the 1st example of this invention. 
[Drawing 5] It is drawing showing the configuration of the point of the ultrasonic 
probe for endoscopes using the ultrasound probe shown in drawing 4 . 
[Drawing 6] It is drawing showing the 2nd example of this invention. 
[Drawing 7] It is drawing showing the 3rd example of this invention. 
[Description of Notations] 

1, 11, 21 Ultrasound probe 

2, 12, 22 Piezoelectric device 

3, 13, 23 Damper layer 

4, 14, 24 Acoustic matching layer 

5 25 Housing 

6 Rotation Shaft 

7 Sheath 



8 Closure Member 

9 Stops 
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[Drawing 1] 
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[Drawing 6] 
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[0 0 2 1] dcojHWa^n-^t^ViTtt. S^ffi^ 

«^S0K»a;PXS, ■»«^<ttfEBE^^7h6ft 

^fiw»A°;i/x«W"r^a«*»«Ti sffl^^t 

-So 

[0 0 2 2] |6it ^©«Wa>IS2*llSWS^t* 

T&£ 0 ^C7)^W«^«T1 1H jtS$f 1 2CO-^ 
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(4) 

5 

<DWz^>/m 1 3 ft, mjjvmiz^wm&m i 4 ft, 

m(DJ±«ir^^X^£/&0, WSSt^lOMH 
z, W#-r>t°-^>X Zo ^33X10 6 kg/m 2 sco#ttft 

[0 0 2 3] ?>/mi 3 fit, X#*^»|g*tClT^5 

2 mm, >tf-^>X Zd ^5X10 6 kg/tfstS: 

ott^ 0 £fc> 1 4 STYCAST3 

(L/A = 0. 1 8) , $#-T>H-y>X Zm 4.7 
X10 6 kg/m 2 s<h£:^TV*3 0 

[0024] ^frsjHWWBB^i in m^m^mm 

titffijin** ^(D^m-I >tf— ^>xz T ft i.5xio 6 kg/ 

m^t-T^t, ^IPfi^B 1 4 0WlK>tf~:? ? >X Z 

^>/^l 3<2>W«H>fc°— ^>X Zd 5X10 6 kg 20 
/m 2 st/}^<, ^L/AH_hEl*4eiljeTSo 
AbT, 1 ltctntt, 

Ti*3COT, ft ««T £ <D \z^m \zm^2>zt 

[0 0 2 5] fii^Bl4(l $#]^>Xft* 

tortus ore, »ffttt©jKVijH*jft/t;i/xe*lt-ra2: 

[0026] B7H z<D&m<Dm3mMm&*rr*><D 

2 5 \zmmm?2 2sa*u j t<D—^<Dmiz^>/m 
23^, m^(Dm\z^m^m2 4^n^nmmc% 

COTafe^o Etif 2 2(t JP£0. 1 3mmCDJESir 
>tf-^>X Zo ^33X10 6 kg/m 2 sO#14SWt"5o 21 

coe«^ : p2 2\z\t. ^vmmizw^Lti^mmiflBvt 

7)l&mffiZft2>£5\Zfe-DX^Z>o 
[0 0 2 7] ^S2 3H ^Un>«Hg^tcK^ 

#t2mm, #SH>tf— ^>X Zd #n_5X10 6 kg/m 2 s<h 
ft^TVs*. ffl^i24ft STYCAST 

3 0 5 O Sre^Sl^X^&u ^i>JfS<Oj*$#5 3 0 u 
m (L/A = 0. 1 5) , #»-f >fc!-^>X Zm ^4. 



#H¥ 6 - 3 0 9 3 3 

7X10 6 kg/m 2 s<h&oT^3<, 
[0 0 2 8] ^0H»JT«, lftBfe«©A93^>^2 5 

>ftSALfcvUn>OTgft, ffi^COHffltCSTYCA 
[0 0 2 9] a^SjB^ggftH^ ltecfcfttf, 0 6 CD 

^>AS2 3*itftfs^i2 4^ 
[0030] ^(o^wfca^sa^aasw^fa, 

jB ffifcflWHIi cd^«^ i L Tffl ^ & 21 <h h T * £ . 
[0 0 3 1] 

V -f > tf - 9 y x t (D n & & t> * ft ii *c i£S L ft © 

[0i] $#&£jSco»2^ »w^n^e#SA^x 

©A^x K t cDMfiS ft ^TglT £ o 

[0 3] ^>A°Jf CO^S-f >tf-^>Xt, A^Xffi^ 

[04] co»fl©»i«wft«T»nifiaT?**o 
[05] 0 4tr^T@^s«^ftffl^^rt«Mffia^ 

[0 6] c;o«w©»2siai#ift*-rHTf**. 

[0 7] ^CO^CO^3^^lft*T0Tcfe^o 

[W^^UiH^] 

1 , ii, 21 e^sstt^ 

2, 12, 2 2 ffi*5HT 

3, 13, 23 

4, 14, 2 4 WSS^Jl 
5,2 5 ;\W>if 

7 X 

8 ^lhgK« 

9 Ih^flr 
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(5) 



6 - 3 0 9 3 3 



mi] 



[02] 



[04] 
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_l L. 



J L_ 
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•A 
fl 



0.1 (If* 022 0.26 0.3 



(0 ■ 





ft 14 0/0 0.22 0.26 0.3 
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[06] 
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30 m 




[0 5] 



[0 7] 
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